Abstract Rice is a staple and widely grown crop endowed with rich genetic diversity. As it is difficult to differentiate seeds of various rice varieties based on visual observation accurately, the harvested seeds and subsequent processed products are highly prone to adulteration with look-alike and low quality seeds by the dishonest traders. To protect the interests of importing countries and consumers, several methods have been employed over the last few decades for unambiguous discrimination of cultivars, accurate quantification of the adulterants, and for determination of cultivated geographical area. With recent advances in biotechnology, DNA based techniques evolved rapidly and proved successful over conventional non-DNA based methods to purge the problem of adulteration at commercial level. In the current review, we made an attempt to summarize the existing methods of adulteration detection and quantification in a comprehensive manner by providing Basmati as a case study to enable the traders to arrive at a quick resolution in choosing the apt method to eliminate the adulteration practice in the global rice industry.
Introduction
Rice, being a staple food crop for over one third of the world's population, has become a potential target for many unscrupulous traders for mixing with low grade, low cost grains/ products and low nutritious adulterants to fetch profits with least efforts. In rice, thousands of varieties have been released worldwide since last century predominantly after the Green revolution in the 1960s (Siddiq et al. 2012) . These varieties are not only adapted to diverse ecologies but also suits the tastes of the gamut of consumers. Attempts to develop superior quality varieties/products always ended with some of the poor quality ones. This led to existence of different quality standards with obvious price difference in the market (Nagaraju et al. 2002) . This situation tempted the dishonest traders to go for adulteration of the genuine products to fetch additional profits.
Authenticity of rice products become a key issue in the food industry addressed to protect the interests of quality conscious consumers, stakeholders, and importing countries (Vlachos and Arvanitoyannis 2008) . Adulteration in rice either adventitiously or deliberately is feasible right from crop harvest to till the grain reaches to the hands of the consumers. The common forms of rice prone to adulteration are brown rice, polished rice, rice flour, rice cake and rice bran oil. Many methods based on criteria such as morphological parameters, physico-chemical properties, DNA, protein, and metabolites have been developed to detect the genuineness of the agricultural food products (Arvanitoyannis 2008; Findlay et al. 1997; Li and Rutger 2000; Thind and Sogi 2005; Vaingankar and Kulkarni 1989; Zhang et al. 1992 ), yet there is an ambiguity in choosing one of them for commercial scale detection and quantification of adulteration. However, a few methods have proven fit to unravel the menace of adulteration (Vemireddy et al. 2007) . With the availability of whole genome sequence of rice including indica (9311) and japonica (Nipponbare) cultivars, thereby resulted discovery of molecular markers have provided unprecedented avenues in the quality control of food products. Currently, DNA-based methods proved handy and robust enough for unambiguous detection and quantification of adulteration (Primrose et al. 2010; Woolfe and Primrose 2004) . However, these methods are unsuitable to detect the geographical area of the product from where the product has been produced/cultivated. Geographical area of cultivation can be determined by isotopic and multi element analyses of rice varietal samples (Kelly et al. 2002) .
The aim of this review was to provide an overview of the currently employed protocols for adulteration detection and quantification emphasizing the importance of DNA based protocols for eradicating this vital problem from the global rice industry with special reference to Basmati.
Methods for detection of adulteration
Adulteration is rife in almost all agricultural food products where distinguishing the adulterant with look-alike food products is difficult with naked eye/visual observation. Many of the food products targeted for adulteration are of high commercial value products and/or produced in high tonnage around the world. In any food product, adulteration may be due to 1) substitution with look-alike material of low cost, 2) substitution with low quality material, 3) dilution of the original product, and, 4) mislabelling of age and origin of the material. These are the four major criteria being followed by most of the unscrupulous traders for illegal adulteration to obtain profits out of their products. However, rice has largely been sold either as a brown rice form (exporting purpose) or polished rice form (available in domestic markets). Hence, high quality rices are being adulterated with low quality and low price rices by the traders. For instance, the good quality Basmati rices are being blended with look alike low cost nonBasmati rices.
There are many sophisticated methods or protocols being employed over the past decades for unambiguous detection and precise quantification of the adulterant using DNA or protein or metabolites or chemical composition of the material being marketed. However, no one method detects the adulterants in all agricultural products. Different combination of methods/protocols are necessary to curb this menace effectively. Broadly, the methods employed for detection and quantification of adulteration are classified as non-DNA based and DNA based methods depending on the source material used.
Non-DNA based methods

Morphology and physico-chemical based methods
In the past, morphology based methods were the criterion for differentiating various rice groups (Thind and Sogi 2005; Vaingankar and Kulkarni 1989) . Significant variation in price within similar kind of kernel morphology, made this criterion unsuccessful for differentiating the cultivars. For instance, premium Basmati rice has long grain and soft texture. There are many long grain rice varieties of low cost with kernel morphology of Basmati but with quality unmatched to it (Fig. 1) . To determine the morphology of kernel traits, techniques such as electron microscopy (Beerh and Srinivas 1991) and image analysis (Carter et al. 2006; Kim et al. 1997) were used (Table 1 ). In addition, histological variation was also used to distinguish aromatic and non-aromatic rice varieties (Nadaf et al. 2006) . Large to medium size metaxylem and phloem was reported in medium and non-scented varieties, while in strongly scented rice, metaxylem was much smaller in size. In aromatic rice varieties, normal phloem and xylem elements were found to be replaced by a largely undifferentiated paranchymatous cells. However, the morphology or histological based techniques were expensive, cumbersome and unfit for commercial scale detection of the adulterants. Physico-chemical properties of starch such as water uptake, loss of solids in cooking water (Vaingankar and Kulkarni 1989) , protein characteristics (Thind and Sogi 2005) , and grain length after cooking (Siddiq 1982) were also used for cultivar identification and quantification of adulteration. Aside, scent determination of Basmati rices by treating with 1.7 % potassium hydroxide (KOH) solution (Sood and Siddiq 1978) and quantification of aromatic compounds by chromatography (Lorieux et al. 1996; Widjaja et al. 1996) were also used. Water solubility and sugar compositions of the rice cell wall materials (CWMs) to also reposted to be differentiated the rice cultivars (Lai et al. 2007 ). In another study, Principal Component Analysis (PCA) and multiple linear regression analysis has been applied to identify the level of Jasmine rice adulteration using textural and pasting measurements and suggested to use physico-chemical properties in combination with multivariate analysis for adulteration detection (Pitiphunpong et al. 2011) . Also, Thind and Sogi (2005) used physical, cooking and protein characters as the authenticity criterion for distinguishing coarse (IR8), fine (PR106) and super fine (Basmati386) rice cultivars and inferred that length-breadth (LB) ratio and globulin and glutelin contents are differentiating these three cultivars.
The chemical causing the popcorn like smell in all aromatic rice cultivars identified as 2-acetyl-1-pyrroline three decades ago by Buttery et al. (1983) , hence, also used to distinguish popular aromatic varieties from non-aromatic look alike long grain as obvious price difference exists between them. However, the aroma alone may not be sufficient to differentiate popular Basmati rices from another look alike nonaromatic varieties like Sharbati, a common adulterant in Basmati export as the former has other unique cooking and textural properties which no other rice group has. Osborne et al. (1997) reported that it was feasible to use near infrared transmission (NIR) spectroscopy to classify 9 Basmati or other rice samples on 200 g bulk samples. However, NIR spectra of individual grains misclassified 8 % of basmati and 14 % of the other rices. Subsequently, a number of analytical techniques such as Gas Chromatography (Rao and Muralikrishna 2004) , Gas chromatography in conjunction with Mass Spectrometry (Suzuki et al. 1999) , High Pressure Liquid Chromatography (Huebner et al. 1990; Hamada 1996) , Calorimetry (Ahmed et al. 2008) , Mid or Near-Infrared (NIR) Spectroscopy (Largo-Gosens et al. 2014; Osborne et al. 1993) , Fourier Transform NIR Spectroscopy (Attaviroj et al. 2011 ), Fluorescence and UV spectroscopy (Gangidi et al. 2002) , Flame Atomic Absorption Spectroscopy (Srikumar 1993) , have been used for cultivar discrimination either alone or in conjunction with the application of chemometric or multivariate analysis methods like Principal Component Analysis, Discriminant Analysis, and Cluster Analysis, and Partial Least Squares (Singhal et al. 1997; Vlachos and Arvanitoyannis 2008) (Table 1) .
Though the physico-chemical methods are simple and cost effective, none of them are found suitable for reliable detection of adulteration at commercial level, as these traits are highly influenced by environment as well as the genotype of the plant. This situation prompted researchers to develop approaches which confer more stable results.
Protein based methods
Among non-DNA based methods, protein-based methods also played important role in detection of the adulterants. Important protein-based methods includes isozymes based gel electrphoresis, immunoassays (Vlachos and Arvanitoyannis 2008) , Sodium dodecyl sulfate polyacrylamide gels (SDS-PAGE) (Montalvan et al. 1998 ), Western blotting (Li et al. 20011; Singh et al. 2004) and Kjeldahl method and Soxhlet apparatus (Storck et al. 2005) (Table 1) .
The protein-based methods especially of practical value in grouping of the cultivars rather than identification of the specific cultivars. Initially, Siddiq et al. (1972) reported variation in soluble proteins of three subspecies of Oryza sativa, namely, indica, japonica and javanica, and a group of intermediate types collected from North East India, using acrylamide gel electrophoresis. Subsequently, six rice varietal groups which includes two major groups viz., Group I (indica) and Group VI (japonica), two minor groups Group II (aus) and V (Basmati) and two satellite ones Group III and IV (deepwater rices) have been reported using eight isozyme markers detected by starch gel electrophoresis (Glaszman 1987) . Montalvan et al. (1998) by means of SDS-PAGE separated the rice grain proteins from Brazilian and Japanese upland rice cultivars electrophoretically. Densitometric scanning of the electrophoretic profiles allowed the estimation of the relative concentration of protein fractions, which were used as variables between the rice cultivars. carried out. Western blotting also used to detect the expression of target proteins in rice samples representing different rice tissues at different developmental stages Li et al. 2011) .
DNA-based methods
Of all the methods of adulteration detection, DNA-based techniques have wider acceptability due to their simplicity, accessibility, repeatability and rapidness. Advances in the development of DNA markers and cost effective sequencing techniques, renders DNA based methods more popular.
Molecular markers systems
The availability of thousands of DNA markers and cheaper sequencing methods offer unprecedented applications of DNA based methods to unravel the authentication crisis in food industry in general and rice market in particular (Arvanitoyannis 2008; Blair et al. 2002; Lockley and Bardsley 2008; Dhanya and Sasikumar 2010; Saini et al. 2004; Voorhuijzen et al. 2012) (Table 2 ). Wide array of DNA-based markers are available for cultivar identification which includes random amplified polymorphic DNA (RAPD) Choudhury et al. (2001) , restriction fragment length polymorphism (RFLP) (Zhang et al. 1992) , amplified fragment length polymorphisms (AFLP) (Mackill et al. 1996) , fluorescent labelled inter simple sequence repeat (F-ISSR) Nagaraju et al. (2002) , insertion and deletions (indels) (Steele et al. 2008) , single nucleotide polymorphism (SNP) (Shirasawa et al. 2006 ) and microsatellites (Bligh 2000; Archak et al. 2007; Vemireddy et al. 2007) (Table 2) . Each type of marker has its own pros and cons in their applicability. Of all the markers employed for varietal identification, microsatellite or simple sequence repeat (SSR) markers are the most informative in terms of reproducibility, genetic informativeness and applicability Vemireddy et al. 2007; Ashfaq and Khan 2012) . Microsatellites, a short stretch of tandomly repeated region of less than 100 bp, have many advantages over other markers like abundance, co-dominant nature, PCR based markers and highly variable. As of now, more than 50,000 microsatellite markers are on hand in the rice. Microsatellite DNA markers have been extensively used in mapping and tagging genes, study of diversity, phylogeny and population genetics, disease diagnosis, and forensic Nakamura and Ohtsubo (2010) investigations (Coburn et al. 2002; Srividhya et al. 2010; Yadav et al. 2013; Choudhury et al. 2013; Vemireddy et al. 2007 ). In addition, microsatellite markers have the potential to be used for unequivocal detection and quantification of adulteration in Basmati rice (Bligh 2000; Archak et al. 2007; Vemireddy et al. 2007) . Recently, evenly-distributed hypervariable microsatellite markers were reported to be showed more polymorphism than non-hypervariable SSRs (Narshimulu et al. 2011 ) and also used for estimating the temporal trends of the genetics diversity over decadal periods (Choudhury et al. 2013 ).
The fluorescent labelled microsatellite markers provide more accurate allele sizes when run in combination with either slab-gel or capillary electrophoresis. In a first attempt, Bligh (2000) used the fluorescent simple sequence length polymorphisms (SSLPs) to distinguish between known Basmati rice cultivars and likely adulterants by providing good distinction and separation levels in blind test samples using competitive nature of the fluorescence. Shortly, Nagaraju et al. (2002) used the fluorescent labelled microsatellite and ISSR (Inter-SimpleSequence-Repeat) markers to reveal genetic relationships in traditional (TB) and evolved Basmati (EB) and semidwarf non-Basmati (NB) rice varieties. The traditional Basmati (TB) and semidwarf NB rice varieties were clearly delineated by both marker assays. Subsequently, the genetic relationships among Indian aromatic and quality rice germplasm were evaluated by Jain et al. (2004) using thirty fluorescently labelled rice microsatellite markers. Of them, a subset of eight markers viz., RM1, RM5, RM103, RM135, RM171, RM174, RM222, RM252 could differentiate the premium traditional Basmati, cross-bred Basmati, and non-Basmati rice varieties having different commercial value in the market-place. Also, Pal et al. (2004) evaluated thirteen rice cultivars viz., 4 commercial traditional Basmati, 6 cross-bred Basmati and 3 nonBasmati varieties using 35 SSR markers. Some SSRs viz., RM60, RM84, RM252, RM171, and RM257 were found unique among the closely related traditional Basmati rice varieties. Traditional Basmati rice varieties could be differentiated from one or more of the cross-bred Basmati rice varieties by allelic polymorphism at 27 of the 35 SSR loci; the most u s e f u l m a r k e r s b e i n g R M 1 7 1 , R M 1 , R M 4 4 , RM110,RM229,RM235,RM242, and RM255. A capillary electrophoresis-based multiplex microsatellite marker assay for detection as well as quantification of adulteration in Basmati rice samples has been developed. The single-tube assay multiplexes eight microsatellite loci viz., RM1, RM44, RM55, RM72, RM171, RM202, RM241 and RM348 to generate variety-specific allele profiles that can detect adulteration from 1 % upwards with accuracy of quantification ±1.5 % Archak et al. (2007) and Vemireddy et al. (2007) .
Recently, a DNA-based multiplex detection tool, the padlock probe ligation and microarray detection (PPLMD) tool was developed which is extended to a 15-plex traceability tool with a focus on products of wheat and Basmati rice (Voorhuijzen et al. 2012) . One nucleotide difference in target sequence was sufficient for the distinction between the presence or absence of a specific target. At least 5 % Basmati rice was detected in mixtures with non-fragrant rice. PPLMD has been shown to be a useful tool for the detection of fraudulent/ intentional admixtures in premium foods and is ready for the monitoring of correct labelling of premium foods worldwide.
Fragment separation methods
In addition to the molecular marker system, the fragment separation methods also greatly influence the accuracy of detection as well as quantification of the adulterants in the samples (Spaniolas et al. 2006; Tang et al. 2004) . Although a consensus was made in using microsatellites for detection of adulteration, an ambiguity exists in different laboratories across the world in choosing the best fragment separation method. For instance, Archak et al. (2007) used fluorescently labelled microsatellite markers for amplification and capillary electrophoresis for fragment separation, whereas Bligh (2000) used slab-gel for fragment separation. Afterwards, it has been demonstrated that capillary electrophoresis was quite reproducible among fragment separation methods, and showed relatively less error in the estimation of allele sizes (±0.73 bp and <0.50 bp deviation) compared to slab-gel (±1.59 bp and 1 bp) and agarose gel (±8.03 bp and >3 bp) electrophoresis methods (Vemireddy et al. 2007 ).
Authenticity of processed foods
In rice authenticity, much attention should be paid to avoid contamination in the initial stages of the marketing i.e., at brown rice form because undetected adulterants debase the quality and price of processed food products where identification of adulterant is difficult even with DNA based markers also due to disintegration of most of the DNA. However, recently, protocols have been developed for identification of cultivars in the processed foods and bread containing both wheat and rice flours employing PCR based methods with improved DNA isolation protocol (Ohtsubo and Nakamura, 2007; Nakamura and Ohtsubo 2010) . The protocol contains the preparation of the template DNA for PCR by the CTAB method followed by the extraction of DNA with 70 % ethyl alcohol (Nakamura and Ohtsubo 2010) .
Hybrid seed purity
Another important area of rice authenticity where the intervention of DNA based methods required is hybrid seed production. Hybrid technology is gaining popularity worldwide due to its yield advantage over the conventionally developed rice varieties. The success of hybrid seed production is mainly depends on the purity of their parental lines. It has been estimated that 1 % contamination of hybrid seed causes yield loss of approximately 100 kg/ha (Mao et al. 1996) . Maintaining of seed purity is an important aspect of hybrid seed production. Traditionally used to grow out tests (GOT) to test the seed purity based on morphological traits are time consuming and laborious. To address this issue, Nandakumar et al. (2004) and Sundaram et al. (2008) have been identified informative microsatellite markers capable of distinguishing hybrid rice parental lines and used for assessing the hybrid seed purity employing two dimensional bulked DNA sampling strategy (Sundaram et al. 2008) .
GMO detection
Since the global rise of genetically modified organisms (GMOs) or transgenic plants cultivation, it is necessary to detect the GMO levels in the food products. As of now, only DNA-based methods have been used to detect the GMO content in the rice products. M¨ade et al. (2006) developed a method for detection of Bt rice varieties and quantification of the Bt content in imported rice products. They have used fieldtested Bt rice ('Anti-pest Shanyou 63' and 'Anti-pest Jinyou 63') as reference material to determine transgenic DNA sequences. The cryIA(b) and cryIA(c) fusion gene and the nopaline synthase terminator (nos) sequence was used to develop a construct-specific real-time PCR based detection method. This Bt rice specific detection system along with quantitative real-time PCR method for the rice-specific reference gene gos9 could able to quantify the Bt content with a limit of quantification of below 0.1 %.
Molecular profiling or DNA barcoding
While protein-based methods could differentiate the rice varieties as per their subspecies/groups, the DNA-based methods has the potential to differentiate at the inter-varietal and intravarietal level. Earlier, Archak et al. (2007) developed cultivarspecific allele profiles using 8 microsatellite markers viz., RM1, RM55, RM44, RM72, RM348, RM241, RM202 and RM171 to differentiate the traditional basmati, evolved basmati and non-basmati varieties. Very recently, Vemireddy et al. (2014) developed DNA barcodes/fingerprints for 90 high yielding rice varieties using a panel of eight hypervariable microsatellite (hvRM) markers viz., RM11313, RM13584, RM15004, RM5844, RM22250, RM22565, RM24260 and RM8207 and validated in survey samples of Sona Mahsuri variety.
Quantification of adulteration
In addition to detection of the adulterant, accurate quantification of the adulterants is also a key aspect in rice authenticity (Vlachos and Arvanitoyannis 2008) . Since rice is a farm product, a certain amount of inadvertent mixture is expected during post harvesting period of cultivation. In view of the unavoidable adulteration, in 2005, a code of practice was developed for the control of basmati rice in the UK and it recommended 7 % as the ceiling for inadvertent mixtures in Basmati imports to United Kingdom (www.riceassociation. org.uk/). Unlike the methods of detection of adulteration where a range of markers and fragment detection systems available, very few methods are available for accurate quantification of the adulterants especially DNA-based microsatellite markers coupled with capillary electrophoresis or real time PCR method found suitable. Quantification of adulteration has been a global issue and several methods/protocols have been established.
Non-DNA-based methods
Of non-DNA based methods, physico-chemical methods have been used for the quantification of adulteration. Especially, the quality trait, alkali spreading value has been used to detect grains of RD 23 and Chai Nat 1 (CN1; high amylose content, intermediate gelatinization temperature) in Thai rice industry. However, their accuracy is low, especially when Jasmine rice is adulterated with similar amylose content rice such as Pathum Thani 1 (PTT1) variety, or at low adulteration level (Pitiphunpong et al. 2011) . In a study by Grimm et al. (2001) on jasmine rice, adulteration level was estimated based on the textural and pasting measurements using Principal Component Analysis (PCA), Multiple Linear Regression and Multivariate Analysis. The alkaline oxidation value has also been used as an indicator of adulteration of Basmati with scented as well as non-scented rice. American long grain rice and Basmati rice were separated by treating with a 2 % solution of sodium bisulphite. When 5 %v/v HCl was added, the Basmati kernels turned chalky in about 20 min, while 40 min or more were required for all kernels of American rice to become chalky (Singhal et al. 1997) .
DNA-based methods
For quantification of adulteration, combination of microsatellite markers and either capillary electrophoresis or real time PCR have been widely employed (Table 3 ). The principle of quantification of the adulterant by DNA-based method is rely on the relative quantities of the amplified allelic product at a common locus between competing DNA templates of the genuine rice and the adulterant mixed in progressive proportions (Fig. 2) . In order to normalize quantification, TB grains were mixed with a NB (adulterant) in a progressive dilution. PCR was carried out with diagnostic microsatellite markers and the product resolved on capillary electrophoresis. The ratio of peak area of the two alleles of that of the adulterant and the Basmati will be plotted against the progressive proportion of adulteration to develop a standard curve using Curve Expert version 1.38 (Fig. 3) . The ratio between the quantities of the amplicons (ratio of peak areas of TB and NB variety) would reveal the ratio of the quantities of competing DNA template in a PCR mixture. This method can quantify the adulteration even at 1 % level. However, the model used for construction of calibration curve is one of the factors which influence the accuracy of the quantification of the adulteration. For instance, when three blind samples at 4, 8 and 12 % adulteration were genotyped using capillary electrophoresis, Archak et al. (2007) estimated standard errors as ±1.94, ±0.17 and ±0.93 %, while Bligh (2000) reported higher standard errors as ±1.06, ±0.77 and ±10.07 at an actual adulteration of 39, 44 and 25 % in slab-gel, respectively. Recently, Colyer et al. (Colyer et al. 2008 ) compared different calibration curves using slab-gel and a single microsatellite marker RM222. This group concluded that the linear regression of ratio of peak areas to the ratio of content proportions as the most precise method for accurate quantification of the adulteration. By employing this method, it is possible to arrive at lowest standard error within the agreeable limits of adulteration (7 % non Basmati).
The quantitative competitive PCR (QC-PCR) and real-time PCR allows simultaneous detection and conformation of fragments using specific probes or fluorescently labelled primers by PCR. The Real-time PCR analysis used in the genetically modified (GM) crops, relies on the continuous measurement of increments in the fluorescence during cycles and the PCR cycle number required to generate a signal that is significantly above noise level (cycle threshold). As of today, real time PCR assay is regarded as the most sought after method for accurate quantification of the nucleic acids. It is a reliable as well as commonly used method to detect foreign DNA in genetically modified (GM) food samples (Baeumler et al. 2006; Leimanis et al. 2006) . In case of GM food, detection and quantification of transgene has been relatively straight forward because transgenes are distinct "foreign" DNA elements in the host genome, which can be specifically amplified with high accuracy (detection) and sensitivity (quantification) by real time PCR (Nakamura et al. 2013) . On the other hand, in case of Basmati adulteration, the so-called "adulterant" is another long-grain rice of cheap quality. As of now Basmati-specific sequence has not been identified to generate varietal-specific alleles. However, an 8 bp deletion in the betaine-aldehyde dehydrogenase-2 gene (bad-2) specific to aromatic rices (Bradbury et al. 2005 ) was exploited to amplify an 80 bp product exclusively in a non Basmati variety (i.e., adulterant) using standard method of capillary electrophoresis ). This method showed a mean deviation of 1.76 % which is comparable to real time assay. This infers that the estimation of adulteration by capillary electrophoresis is realistically accurate for practical applications. Similarly, TaqMan based real time PCR method has also been developed for quantification of adulteration in Basmati by employing bad-2 gene specific primers (Lopez 2008; Mathure et al. 2014) . Although it was possible to distinguish genuine Basmati, this assay was found unsuitable for practical applications, as many unnotified evolved Basmati also carry the same genuine Basmati allele.
In a study by Ganopoulos et al. (2011) high resolution melting (HRM) analysis has been used for detection and quantification of adulteration. The HRM analysis was reported as a rapid, cost effective DNA based method with efficiency comparable to capillary electrophoresis. With this analysis it is possible to discriminate PCR products of the same allele size with different melting profiles due to their difference in nucleotide base composition.
In addition, twenty non-transgenic rice varieties were quantitatively detected by Herńandez et al. (2005) with RTi-PCR. The real-time PCR assay was based on the gos9 sequence and was able to specifically detect and quantify DNA from the rice plants with a limit of detection of 3.3 genome copies. Whereas the quantification limit was approximately 100 haploid genomes for real-time PCR systems with 95 % confidence. Furthermore, the performance of this assay on twelve commercial food products revealed 100 % identification.
Determination of the age of the samples
Generally, the rice material stored for over long periods of time commands high price than the new one due to high chalkiness nature of the later. As it is difficult to estimate storage period of rice, dishonest traders blend rice of different storage periods. The DNA-based methods are unsuitable to 3196 J Food Sci Technol (June 2015) 52(6):3187-3202 address this problem as there will not be any genotypic differences between different age group samples. However, the variation between different age group samples can be witnessed at metabolite level. Widjaja et al. (1996) reported increase of the total volatile compounds of paddy, brown and white rice upon long storage in air due to accumulation of aldehydes and ketones as a result of lipid oxidation process. Recently, a simple, fast and non-destructive approach was developed to classify rice seeds of different storage time with discrimination accuracy of 97.5 % employing near infrared reflectance spectroscopy (NIR) (Dengsheng and Xiaoli 2007) .
Determination of the geographical area of the samples
Geographical area also fetches sometime additional price to some speciality rices especially Basmati as its quality traits particularly exquisite aroma and cooking traits are influenced by the environment where they have been cultivated. Determination of the geographical origin of rice is important feature especially Basmati rice as unscrupulous producers/ traders attempts to increase their profits by mislabelling the inferior/low quality products grown outside their regular cultivated area of foot hills of Himalayas. Earlier, grain proteins (Lan et al. 2002; Montalvan et al. 1998 ) and isozymes (Li and Rutger 2000) were used for discrimination of rice cultivars grown in different geographical regions. The principle underlying this method is that trace element and isotope composition of the rice grains reflect the soil and latitude of the area in which it is grown. The trace elements are labile in the soil and easily transported into plants and can be good indicators of geographical origin. Further, the concentrations of the trace elements depends on topography and soil characteristics. Currently, multi-isotopic and multi-elements analyses are being used to determine the geographical area of the samples (Kelly et al. 2002 (Kelly et al. , 2005 Suzuki et al. 2008 ) ( O) abundance. Also, for rapid discrimination of Chinese rice wines of different geographical origin, particularly Shaoxing wines from non-Shaoxing wines, near-infrared spectroscopy (NIRS) was used (Shen et al. 2010; Yu et al. 2007) . Also, fourier transform nearinfrared spectroscopy (FT-NIR) was used to discriminate Chinese rice wine of different geographical origins as well as different vintage years. A clear separation between the Chen et al. 2002 different vintage years was reported using tartaric acid as a discriminating descriptor (Yu et al. 2007 ).
Case study: Basmati rice
Basmati is a long-grain type of rice (Oryza sativa L.) cultivated exclusively in the foot hills of the Himalayas in the regions of Haryana, Uttar Pradesh and the Punjab province of India. Basmati, "king of rices", carved out a special place among all aromatic rice cultivars and also commands a premium price at international markets. Although Basmati is bestowed with unique qualities like extra long slender grain, soft texture of the cooked rice and exquisite fragrance, it possesses undesirable characters like tall culms, photoperiod sensitivity and susceptibility to diseases. This prompted the breeders to develop hybrids with traditional Basmati, which has eventually led to the existence of TB, EB and relatively inferior non Basmati (NB) long-grain rice varieties Nagaraju et al. 2002; Vemireddy et al. 2007 ). Existence of obvious price difference, zero percent import duty and difficulty in distinguishing TB, EB and NB varieties offers a room to the dishonest traders to look for adulteration to earn higher profits. Moreover, a survey conducted by the Food Standards Agency (FSA), United Kingdom on Basmati rice consignments from India and Pakistan revealed that such practices are prevalent. In India, authorized centre for certifying Basmati samples is "APEDA-CDFD Centre for Basmati DNA analysis" housed at "Centre for DNA Fingerprinting and Diagnostics", Hyderabad. The rice samples received from Export Inspection Council (EIC) are tested for their purity using the DNA protocol developed at the centre. The protocol followed is available at http://www.cdfd.org.in/lmg/APEDA/index.php. The protocol was followed for the analysis of standard and blind samples in the ring trial during 2005 and the results were in agreement across laboratories. Generally, the centre receives rice samples from export inspection agency (EIA) and export inspection council (EIC) and some leading companies like LT Overseas, Amira Foods, Kohinoor Foods Limited, PICRIC, Best Food International Limited, Aeroplane and Hindustan Lever Limited. Approximately, 100 g of grain from each sample received for testing is powdered and the remaining sample is stored for up to 3 months. From the powdered sample, three sub-samples of 1 g each is drawn randomly, from which 100 mg of grain powder will be collected for DNA extraction. DNA is isolated using DNeasy plant mini kit (Qiagen). The quantity and quality of the DNA (at 260/230 and 260/280 absorbance) will be verified using a spectrophotometer. PCR is performed using standardized conditions ).
The fluorescently labelled PCR products are mixed with 0.3 μl of GeneScan-500 ROX (6-Carboxy-X-Rhodamine) size standard (Applied Biosystems, USA) and 10.2 μl of HiDi Formamide (Applied Biosystems, USA), electrophoresed by capillary electrophoresis on an ABI PRISM 3100 genetic analyzer (Applied Biosystems, USA) according to the manufacturer's instructions. Subsequently, fluorescent DNA fragments are resolved using the GeneScan version 3.7, and allele size and peak-area of the true peaks are determined by Genemapper version 3.7 (Applied Biosystems, USA). In case of adulterated samples, each experiment is repeated thrice, starting from the DNA extraction, to confirm the extent of adulteration. The quantity of an amplified PCR product is represented by peak area (measured in relative fluorescent units, rfu). The adulteration is expressed as a percent fraction to that of pure Basmati as
Where, A is the rfu of the adulterant and B is the rfu of the main variety.
Once the DNA analysis of given rice sample is completed, the duly signed authenticity certificate, containing details of percentage of adulterated rice in the test Basmati rice sample, is provided to the sender (Fig. 3) .
The protocol has been authorized by the export development and regulatory agencies of the Government of India for issuance of certificate of purity for Basmati export samples. Employing this assay, more than 1,000 referral samples of Basmati rice destined to international market have so far been certified. Patents have been applied for the technology developed at CDFD for Basmati DNA analysis (USPTO 10/357, 488 and 11/406, 257; PCT/IN06/00254). The know-how on ready-to use "Basmati VerifilerTM Kit" licensed by CDFD has been transferred to Labindia (Indian partners of Applied Biosystems) under license transfer agreement.
Conclusion
Authentication of rice cultivars is an important issue to be addressed to protect the interests of farmers as well as to provide healthy food to consumers. To this direction, each country established quality standards for agricultural products by providing a label with complete details including country of origin and chemical composition. For food authentication, a database of genuine samples is required to which the 'suspect' test sample can be compared to establish its authenticity. Currently, the traditional as well as sophisticated methods of analysis are available for detection and quantification of the rice adulteration. Adulteration can be effectively determined using a variety of methods based as described above. The implementation of such tests by food control laboratories depends on the accuracy of detection of adulterant, the complexity of the technique and cost factors. With increased regulation of food products, in response to consumer concern, new technologies emerge to be adopted for use in the market place. The molecular markers such as RAPDs, AFLPs, ISSR, and SSR have been successfully used in rice authentication. The selection of the most suitable molecular approach depends on different aspects, including the amount of genetic variation of the analyzed species, the time needed for the analysis, the cost/effectiveness ratio and the expertise of laboratories.
Out of the numerous technologies that were applied to detect the adulteration, DNA based method particularly, the combination of capillary electrophoresis and microsatellite markers proved to be quite amenable to solve the adulteration problem. Further, the DNA-based methods have applicability in detecting the adulterants in parental lines of the hybrid seed production and processed foods. However, they are unsuitable for detection of the age of the samples and also the geographical area of the cultivated rice. These issues are effectively tackled by the protein-based methods and multi-element and multiisotopic analyses. Based on the existing literature on rice authenticity, it can be inferred that with a combination of methods it is quite possible to eliminate the adulteration in any form or at any stage from the rice industry. Therefore, it is time for the Governments to come forward to apply the current proven technology to cull out the adulteration from the rice industry completely. One of the noteworthy example comes from the exploitation of a high throughput capillary electrophoresis based microsatellite multiplex assay developed at CDFD to combat the Basmati rice adulteration in India. Similar technology also has potential application in hybrid purity maintenance and development of the cultivar specific molecular profiles/ fingerprints. Therefore, not only the advanced technology but also clear cut policies need to be implemented in the rice industry to ensure that the products of the end user are genuine.
